Neutral lipid storage disease with myopathy (NLSDM) referred to those neutral lipid storage disease (NLSD) patients with myopathy but without ichthyosis. Recently, NLSDM has been attributed to mutations in the PNPLA2 gene. Until now, 19 patients with PNPLA2 mutations have been reported. In the present study, we describe the clinical and genetic findings in three Chinese patients with NLSDM. Sequence analysis of PNPLA2 gene was performed. In our patients we identified four novel mutations in the PNPLA2 gene including two splicing mutations. The identification and study of mutations found in PNPLA2 is also particularly important to define the clinical spectrum and genotype-phenotype correlations of the PNPLA2 gene.
Neutral lipid storage disease (NLSD) refers to a group of diseases characterized with accumulation of triglyceride in several organs and tissues. 1-3 Diagnosis of NLSD is based on the vacuoles of neutral lipids within leukocytes in peripheral blood which is called Jordans' anomaly. 2, 3 The CDS (Chanarin-Dorfman syndrome) (MIM 275630), also known as NLSD with ichthyosis, is defined as an NLSD with ichthyosis, often associated with mild myopathy, cirrhosis, growth retardation, ataxia, hearing loss and mild mental retardation. 4, 5 CDS is caused by the mutations of the CGI-58 gene. Neutral lipid storage disease with myopathy (NLSDM: MIM 610717) referred to those NLSD patients with myopathy but without ichthyosis. Recently, NLSDM has been attributed to mutations in the PNPLA2 gene. 3, 6 PNPLA2 is the rate-limiting lipolytic enzyme and catalyzes the initial step in triglyceride hydrolysis. 1, 7, 8 Most individuals with PNPLA2 mutations show atypical CDS-like symptoms, with myopathy and involvement of other organs but without ichthyosis. 1,3,6,9 Until now, 19 patients with PNPLA2 mutations have been reported. However, more cases are needed to define the clinical spectrum and genotype-phenotype correlations of the PNPLA2 gene. Here, we report the clinical and genetic findings in three Chinese patients with NLSDM.
We investigated three patients from unrelated families with NLSDM confirmed by muscle biopsy. The study was approved by the Ethics Committee of Shandong University's Qilu Hospital, and informed consents were obtained from all the participants. Patient 1 was a 44-year-old man with nonconsanguineous parents. He first noticed difficulty in walking and lifting heavy objects at age 41. As time progressed, he began to complain of muscle pain, fatigue and progressively limb weakness. Muscle atrophy was noticed in his bilateral upper and lower limbs, especially in the biceps brachii muscles and triceps muscles. Muscle weakness and atrophy were asymmetrical and proximally dominant. Serum CK was elevated to 651 IU l À1 (normally o140 IU l À1 ). Patient 2, a 48-year-old woman with consanguineous parents, complained of progressive muscle weakness in both upper and lower limbs over the past 3 years. Both proximal and distal muscles were asymmetrically involved, but distal muscle weakness and atrophy were more severe. Serum CK was elevated to 2419 IU l À1 . Patient 3, a 39-year-old man with consanguineous parents. At 38 years, he noticed weakness of his right upper limb and the limb weakness gradually worsened. Over the next year, he developed gradually progressive weakness in his other limbs. Neurological examinations demonstrated severe asymmetric muscle weakness and wasting in the proximal part of the upper limbs. Serum creatine kinase was elevated to 1785 IU l À1 . Neck muscle involvement and fasciculation were noticed in all the three patients ( Figure 1a) . For all patients, the family history was carefully checked, and no family history of muscle disorders was found. The clinical and laboratory characteristics of all patients are summarized in Table 1 .
Muscle biopsies were performed in all patients. Muscle biopsies revealed numerous lipid droplets in both types of fibers and most prominent in type one of the left biceps brachii muscles as well as rimmed vacuoles (Figure 1b) . Peripheral blood leukocytes showed typical cytoplasmic lipid droplets (Jordan's anomaly). All the patients were diagnosed with NLSDM.
Genomic DNA was extracted from peripheral blood of all patients by standard methods. The coding exons and exon/intron boundaries of PNPLA2 gene were amplified using the primers described by Fischer et (Figure 1c) . Patient 1 was a compound heterozygote for a intronic mutation IVS6 þ 2T4C, which changed the splice score from 0.37 to 0 in the donor splice site of intron 6, predicted using Neural Network software and a missense mutation c.749A4C that changes glutamine to proline at amino acid 250 (Q250P), which was not found in 50 healthy controls. Reverse transcription-PCR analysis detected only the c.749A4C mutant mRNA in skeletal muscle of the patient 1, indicating the absence of the other transcript resulted from the IVS6 þ 2T4C splicing mutation. Patient 2 was homozygous for the mutation IVS6 þ 1G4T, which changed the splice score from 0.37 to 0 in the donor splice site of intron 6. No PNPLA2 transcript was detected by RT-PCR of mRNA extracted from skeletal muscle of the patient 2. Patient 3 was homozygous for a single-base deletion (c.467del C). The deletion results in a frameshift beginning at amino acid 156. The frameshift also generates a premature stop codon at position 255. The mutation was thus designated as p.P156LfsX100.
Here, we report the clinical characteristics and genetic analysis of three patients with PNPLA2 gene mutations. Our patients showed initial symptoms of asymmetrical with PNPLA2 mutations. Similar findings were reported by Peter et al. 1 And we performed an analysis of the clinical and genetic data of previously published cases of NLSDM (19 patients, see Supplementary Table 1) . So asymmetrical may be common in primary symptoms of LSM with PNPLA2 mutations and it may be the first clue to NLSDM and help with the right diagnosis.
The N-terminal region of PNPLA2 contains a patatin-like phospholipase domain and GXSXG consensus sequence for serine lipases. The patatin domain (amino acids 10-179) contains an active site with a serine-aspartate catalytic dyad and an oxyanion hole that stabilizes the enzyme-substrate transition state. 6, 10 The C-terminal region contains a potential lipid binding domain at residues 309-391. 11 Most PNPLA2 mutations reported now affect the C-terminal hydrophobic domain, which is responsible for lipid binding. Only one patient carrying the PNPLA2 gene mutation c.475_478dupCTCC affected the patatin domain caused severely myopathy was reported. 6 One of our patients carries the homozygous frameshift deletion mutation c.467delC, which may affect the patatin domain. Compared with other patients, the patient with the c.467delC mutation displayed similar phenotypes. 1, 3, 6, [10] [11] [12] The result suggests that there is probably no correlation between the nature of the mutation in PNPLA2 and disease severity in NLSD. We also described two novel splicing mutations IVS6 þ 1G4T and IVS6 þ 2T4C of PNPLA2. This is the first report of splicing gene mutations of PNPLA2 gene. The missense mutation c.749A4C we found in patient 1 has not been described Novel PNPLA2 gene mutations P Lin et al previously. It is unclear whether it is a pathogenic mutation. Patient 1 is definitely diagnosed with NLSDM. And all coding exons and exon/ intron boundaries of PNPLA2 gene were sequenced. The mutation was also not detected in 50 controls. So we think this mutation is most likely a pathogenic mutation. The identification of more PNPLA2 mutations of NLSDM will lead to a more accurate diagnosis of the disease in patients as well as improved genetic counseling and prenatal diagnostic tests for couples who are carriers and planning a pregnancy. The identification and study of mutations found in PNPLA2 is also particularly important to help understand the mechanisms of the disease and develop more efficient and targeted therapies.
